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Abstract: This study presents the data analysis results of groundwater chemistry and the occurrence of fluoride in

groundwater obtained from the groundwater quality monitoring network of Korea. The groundwater data were collected

from the National Groundwater Information Center and censored for erratic values and charge balance (±10%). From the

geochemical graphs and various ionic ratios, it was observed that the Ca-HCO3 type was predominant in Korean

groundwater. In addition, water-rock interaction was identified as a key chemical process controlling groundwater

chemistry, while precipitation and evaporation were found to be less important. According to a non-parametric trend test,

at p=0.05, the concentration of fluoride in groundwater did not increase significantly and only 4.3% of the total

groundwater exceeded the Korean drinking water standard of 1.5 mg/L. However, student t-tests revealed that the fluoride

concentrations were closely associated with the lithologies of tuff, granite porphyry, and metamorphic rocks showing

distinctively high levels. This study enhances our understanding of groundwater chemical composition and major

controlling factors of fluoride occurrence and distribution in Korean groundwater.
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Introduction

Groundwater is one of the most exploited natural

resources in the world and under the influence of

climate change, it has become an important source for

agricultural irrigation, domestic and drinking uses (Lee

and Raza, 2019; Cha and Lee, 2020). However,

groundwater has been overdrawn and the water quality

has deteriorated. Groundwater can be recharged through

precipitation forms such as rainfall and snowfall but

will be depleted in certain areas when it is overused

with a greater pumping rate than recharge rate.

Therefore, regular and frequent monitoring of its

quantity and quality is an essential requirement to

secure sustainable use of groundwater resources (Lee

et al., 2007; Lee and Kwon, 2016; Lee et al., 2018;

Lee and Raza, 2019; Cha and Lee, 2020).

Since the first collection of official groundwater

data in 1994, the use of groundwater in the Republic

of Korea (hereafter Korea) has gradually increased. In

1994, there were 637,285 groundwater wells in the

country with a use of 2,623×10
6
m

3
 and they were

1,659,302 wells of 2,916×10
6
m

3
 in 2019 (www.gims.go.kr).

Except in most recent years (2017-2019), groundwater

usage has increased rapidly. The large expansion of

groundwater wells can be attributed to very low

groundwater usage cost and inappropriate management

of governmental authorities (Lee and Kwon, 2016; Lee

et al., 2021). Under such circumstances, groundwater

monitoring is essential for sustainable use.

There are a variety of groundwater monitoring

networks (stations) in Korea. There are two basic and

primary monitoring systems including the National

Groundwater Monitoring Network (NGMN; 668 as of

2020) and the Groundwater Quality Monitoring

Network (GQMN) (Lee and Kwon, 2016; 3,353 as of

2017). The former is mainly to monitor the

groundwater quantity (water levels) while the latter is

to groundwater quality even though the former is

included in the latter (Lee and Kwon, 2016; Kang et

al., 2020). The Ministry of Environment (ME), the
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environmental authority of Korea, operates and

manages the two monitoring networks.

Based on article 18 of the Groundwater Act and

article 9 of the enforcement rule of the law, the

GQMN was established in 1999 and has been

operated (Park et al., 2007; Lee and Kwon, 2016). As

of 2017, it reached 3,353 monitoring wells including

pumping wells and monitoring only. Under the

supervision of the ME, the K-water (Korea Water

Resources Corporation, n=581), Korea Environment

Corporation (K-eco, n=691), River Basin and Regional

Environmental Offices (branches of ME, n=841), and

local governments (cities and provinces, n=1,240) are

conducting groundwater analysis regularly and

reporting the results to the ME. The data are free and

open to the public (www.gims.go.kr).

The ME analyzes the groundwater quality two times

per year for general (pumping) wells and four times

per year for exclusive (monitoring only) groundwater

quality monitoring wells (691 wells as of 2017). The

analyzed parameters include total coliforms, trichloro-

ethylene (TCE), tetrachloroethylene (PCE), nitrate

(NO3

−

), chloride (Cl
−

), arsenic (As), pH, organic

phosphorus (P), etc. In addition to evaluation of

potential pollution, for geochemical analysis and

interpretation of chemical evolution, major cations and

anions in groundwater are also included for the

exclusive monitoring wells (Jeon et al., 2020; Kim et

al., 2020).

In the meanwhile, because of its high reactive

property, fluorine is not found in an element form but

it is mostly found as negatively changed ion (Hossain

and Patra, 2020). High fluoride (F
−

) concentrations

poise a health risk such as dental or skeletal fluorosis,

genetic damage, mental retardation (Fejerskov et al.,

1994; Wang et al., 2021) and for this reason, the

Korean government established the standard of 1.5

mg/L for drinking water, which is the same to that of

World Health Organization (WHO). It is known that

fluoride, one of concerned geogenic constituents in

groundwater, is highly associated with the local

geology.

The concentration of F
−

 in groundwater can be

enriched in geological layers containing fluorite

[CaF2], biotite [K(MgFe)3(AlSi3O10)(F,OH)2], and

muscovite [KAl2(AlSi3O10)(FOH)2] (Ghosh and

Guchhait, 2015; Hossain and Patra, 2020). Even

though the details of composing minerals of the

surrounding areas are not known, it is expected that

the F
−

 levels in groundwater would be different with

the geology. Therefore, it is thought that the

groundwater quality data from the exclusive or

background groundwater monitoring wells are well

suited to evaluate potential relationships between

fluoride and local geology.

The aim of this study was to evaluate the

geochemistry of groundwater in Korea using the

groundwater quality monitoring data, to interpret the

occurrence and distribution of fluoride, one of

concerned geogenic constituents, and figure out any

relation of fluoride level with the local geology. From

this, I intended to improve understanding of the

nationwide groundwater chemistry and feasible factors

affecting groundwater composition and occurrence of

fluoride of this country.

Methods and Materials

Study area

Korea, half of the Korean peninsula, is located in

the far east of the Asian continent (Fig. 1). The

country faces three seas, they are; East Sea, South

Sea, and West Sea and it has a monsoon climate.

According to the statistics of Korea Meteorological

Administration (KMA, 2018), the average annual

precipitation ranges from 1,000 to 1,200 mm, which is

much more than a world average of 840 mm. Under

the changing climate, it is gradually increasing (Park

et al., 2011). Precipitation is the most in the wet

season (June to August) while it is the least in the dry

season (December to February). Precipitation in the

wet (summer) season is greater than 50-60% of total

precipitation (Lee et al., 2019). In the summer, it is

very hot (23-26
o
C) and wet while in the winter, it is

very dry and cold (−6-3
o
C). It show very distinctive

four seasons, spring, summer, fall, and winter.
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The geology of the country is very complex

considering its small area of 100,000 km
2
 (Lee et al.,

2018). Most of the geologic layers are trending from

southwest to northeast (Fig. 1). The intrusive igneous

rocks, mainly in Mesozoic era, including granite,

granodiorite, and granite porphyry, are predominant

and cover almost half of the country. However, the

metamorphic rocks (mainly Precambrian) such as

phyllite, schist, and gneiss are also occurring with a

wide area and their periods are still controversial. The

carbonate rocks are occurring only in small areas of

Gangwon and Chungbuk provinces (Park et al., 2011).

The sedimentary rocks including sandstone and

conglomerate are observed mainly in southeastern part

of the country. The Quaternary alluviums and

unconsolidated sediments are scattered and found only

near the large rivers and streams.

The hydrogeology of the country is quite complicated.

The giant scale aquifers are not developed unlike large

countries such as US and India, and for this reason,

the wells’ productivity is not that much large

(averagely less than 100 m
3
/day) except for Jeju

volcanic island (over 500-2,000 m
3
/day for single

well). Porous productive alluvial aquifers are only

distributed near large rivers such as the Han and

Nakdong Rivers (Lee et al., 2018). Most of deep

Fig. 1. Locations of the study area (Republic of Korea) with sampling locations (groundwater quality monitoring station) and

geology. The geology map was obtained from the Korea Institute of Geoscience and Mineral Resources.
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groundwater are tapping at bedrock aquifers where

groundwater flow through secondary fractures of

crystalline and sedimentary geologic layers. Small

wells tapping at shallow surficial aquifers are

generally affected by seasonal precipitations (wet in

summer and dry in winter) while deep wells of the

bedrock aquifers are less affected by them.

In the meanwhile, it is well known that there are

some areas with high fluoride concentrations in

groundwater in this country. According to Kim et al.

(2006), high fluoride concentrations were found

mainly in bedrock groundwater (~600 m deep) of

granitoids (Jurassic and Cretaceous) and granitic

gneiss areas, which are located geographically in

Seoul, Gyeonggi Province, and Jeonbuk Province.

Even in the sedimentary rock areas like Pohang and

Gyeongju, high fluorine groundwaters, whose levels

exceeding 1.5 mg/L, were also found (Jeong et al.,

2003). Thus, it is meaningful to examine any difference

of F
−

 concentrations among geologies.

Data collection

The groundwater quality monitoring wells are

distributed throughout the whole country and represent

the nationwide groundwater quality (circles in Fig. 1).

In addition, their installation took into account the

area ratio of the surface geology, because the local

geology will affect the chemical properties of the

groundwater. The ME conducts chemical analysis

quarterly on the groundwater. The groundwater data

were collected for field parameters including water

temperature, pH, electrical conductivity (EC), dissolved

oxygen (DO), oxidation-reduction potential (ORP),

and chemical compositions (ions) for one of most

recent years, 2017 (totally up to 8,985 data for each

parameter). In particular, the concentrations of fluoride

in groundwater from 2008 to 2017 were also

collected, because its corrosiveness and health effects

Fig. 2. Mean (blue circle) and median (red diamond) values of field parameters measured at 1
st
 (February), 2

nd
 (May), 3

rd

(August), and 4
th
 (November) quarters of 2017.
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have been parameters of public concern (Kim and

Jeong, 2005; Chae et al., 2007; Kim et al., 2011).

Data analysis

Prior to the groundwater data analysis, the integrity

of the data set was checked for any mistakes (typos

and technical mistakes) and reasonableness, manually.

High values which were considered as artificial errors

were eliminated during the data input stage. In

addition, charge balances were computed for chemical

compositions and adopted in final datasets within only

±10% error range (Hossain and Patra, 2020). The t-

test was used for comparison of any differences

between fluoride concentrations with different geologies

(e.g., Kim and Jeong, 2005) at a significance level of

0.05 and any trend of long-term variation was

examined with a non-parametric trend test (Mann-

Kendall test) at p=0.05. In addition, a variety of

diagrams were used to interpret geochemical conditions

of analyzed groundwater such as Piper diagrams,

Gibbs diagrams, and ionic ratios, which are typical of

groundwater data analyses (e.g., Liu et al., 2020; Mao

et al., 2021).

Results and Discussion

Temporal variation of field measured parameters

Figure 2 shows mean and median values of the field

Fig. 3. Piper diagrams of groundwater collected at 1
st
 (February), 2

nd
 (May), 3

rd
 (August), and 4

th
 (November) quarters of 2017.
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parameters obtained from the four field campaigns (1-4

quarters) of 2017. The groundwater levels ranged from

4.5 to 6.6 m below surface. Considering much varying

depths of the monitoring wells (7-210 m), the small

difference between the mean and median values, and

the small ranges of the two statistics are indicating

that the seasonal variations of the groundwater levels

are very small and that shallow and deep wells

(aquifers) are hydraulically well interconnected (Lee et

al., 2007). However, the distinct increase of the

groundwater level in August (mid of wet season)

represents monsoonal recharge of groundwater due to

heavy rains in this month.

The mean groundwater temperatures range from 14

to 18.4
o
C, which is considered as very stable considering

very large variation magnitude of air temperature for

the year (mean air temperature 26.4
o
C in July to

−0.2
o
C in December 2017; KMA, 2018). But the

distinctive increase of groundwater temperature in

May (2nd quarter) and August (3rd quarter) is

indicative of greatly enhanced solar radiations in these

seasons. In the meanwhile, even though the annual

long-term increase of groundwater temperature is not

shown in this study, it is well noted that the

groundwater temperature (especially shallow groundwater)

of this country is steadily and gradually increasing as

a long-term trend due to changing climate and urban

heat effect (Park et al., 2011; Lee et al., 2014).

The pH was nearly neutral (6.5-7.1). However, the

decreasing pH (by 0.6) is quite interesting for the year

even though the exact reason of this phenomenon is

not known. It is somewhat contrary to our expectation.

As atmospheric CO2 gas level increase from enhanced

anthropogenic activities, elevated dissolution of CO2

into water and groundwater is expected to decrease

their pH. Unlike the surface water, this effect on the

Fig. 5. Ionic ratios of groundwater in 2017 of Korea.
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groundwater can be reduced and delayed due to

overlying soil layers above aquifers (groundwater).

Even though this interpretation is based on a long-

term variation trend (e.g., for decades), but the steady

and distinctive decreasing pH in the short period is

not readily explained. Acidic rainwater is another

possibility but the nationwide and sustained acidic

rainfall throughout the year was not reported. More

research is needed on that.

The mean and median values of groundwater EC

ranged between 280 and 440 µS/cm, which are much

smaller than those of other countries, e.g., hand dug

wells in India (EC 759.5-1,837.5 µS/cm; Rawat et al.,

2020), Yanan aquifer of China (EC 849-1,043 µS/cm;

Wang et al., 2020), and Harran Plain of Turkey (EC

619-5,098 µS/cm for 2005 and 477-2,323 µS/cm for

2015; Yetis et al., 2021). In this study area, a slight

increasing pattern of EC was observed in dry seasons,

indicating that EC is decreasing with much rain in the

wet seasons due to mixing effect.

Dissolved oxygen ranges from 2 to 5.5 mg/L, indicating

general oxic conditions. This means facilitated infiltration

of rainwater and/or good connection between shallow

and relatively deep groundwater in this country.

During the wet seasons (May and August), the DO is

largely increasing, which is indicative of replenishment

of rainwaters with high DO in this period. We can

also consider another possibility that the high river

levels during the wet seasons may supply additional

dissolved oxygen to nearby aquifers (Bu et al., 2021).

The oxidation and reduction potential (ORP), ranging

from 50 to 120 mV, is indicative of oxic conditions

and is highly associated with the DO level. Thus, it is

inferred that groundwater in this study is mostly free

from organic matter contamination and the groundwater

monitoring wells represent well the background

groundwater quality.

Chemical composition of groundwater and

dominant factors

Figure 3 shows the Piper diagram of groundwater

chemical composition. Regarding the cations, Ca
2+

 is

predominant, Na
+
+K

+
 is the next, and Mg

2+
 is the

least. For anions, HCO3

−

+CO3

2−
 is predominant, Cl

−

 is

the next, and SO4

2−
 is least abundant. Consequently,

Ca-HCO3 type is predominant (50-60%), Ca-SO4 type

is the next (20-30%), Na-HCO3 (5-10%) and Na-Cl

(5-10%) types are the least. These proportions are not

much varying throughout the year except that the Na-

Cl type decreased a little in the winter.

The Ca-HCO3 type is indicative of fresh shallow

groundwater mainly affected by dissolution of calcite

and silicate minerals in aquifer materials (Toran and

Saunders, 1999; Lee and Song, 2007). The Ca-SO4

type groundwater may indicate pyrite oxidation (Chae

et al., 2001) but the exact reason is not known

because we do not know the details of the

surrounding area of the monitoring wells. The Na-

HCO3 type represents ion exchange between Ca
2+

 and

Fig. 6. Ionic ratios of groundwater in 2017 of Korea: (a)

Ca/Na vs. Mg/Na, (b) Ca/Na vs. HCO3/Na.
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Na
+
 in relatively deeper groundwater (Toran and

Saunders, 1999). The Na-Cl type groundwater implies

very deep groundwater or effects of seawater intrusion

(Lee and Song, 2007; Raja et al., 2020).

Figure 4 shows the Gibbs diagram to reveal

underlying processes of groundwater facies. As shown

in the figure, most of the groundwater (85-90%) for

three seasons (1, 2, and 3 quarters) is plotted in the

water-rock interaction dominance region, which means

major ions in the groundwater are mainly derived

from dissolution of surrounding aquifer materials

(Marandi and Shand, 2018; Mahanta et al., 2020). But

some groundwater is affected by evaporation (Rahman

et al., 2020), which is prominent (>50%) in the winter

(4th quarter). The marked increase in this cold and

dry season indicates enhanced evaporation due to very

low humidity in this period.

Figure 5 shows some major ionic ratios of

groundwater in 2017. First of all, the 1:1 ratio of Cl
−

versus Na
+
 indicates a halite dissolution line. The plot

elucidates that there were little anthropogenic activities

or effects of seawater intrusion. Rather it means that

there were many processes to enrich Na
+
 ion such as

silicate weathering or ion exchange (Rahman et al.,

Fig. 7. Characteristics of fluoride (F
-
) in groundwater of Korea: (a) Frequency distribution, (b) Box plots of annual variations

(the horizontal line: Korean standard), and (c) Skewness and kurtosis of F
-
 concentrations.
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2020). The plot of SO4

2−
 versus Ca

2+
 unravels the

mineral dissolution in the aquifer materials. From the

plot, it was inferred that there was no substantial

excess of SO4 from some other processes such as

pyrite oxidation, which is typical of abandoned metal

mines (Chae et al., 2001). Much enrichment of Ca
2+

compared to SO4

2−
 indicates additional supply of that

ion from dissolution of carbonate and/or silicate

minerals.

The ratio of HCO3

−

 versus Ca
2+

+Mg
2+

 shows much

enrichment of the divalent ions in groundwater. The

2:1 line indicates the carbonate minerals (mainly

calcite and dolomite) dissolution and upper deviation

from the line means additional supply of those ions.

Thus it can reasonably be inferred that they might

have originated from silicate mineral weathering

(Sunkari et al., 2021). The plot of HCO3

−

+SO4

2−

versus Ca
2+

+Mg
2+

 also shows useful implications for

underlying processes in Korean aquifers. The 1:1 line

indicates congruent dissolution of relevant minerals,

but this plot shows enhanced enrichment of HCO3

−

+SO4

2−
, which reveals more facilitated silicate mineral

weathering (Rahman et al., 2020).

Figure 6 shows more plots of ionic ratios. The plot

Ca
2+

/Na
+
 versus Mg

2+
/Na

+
 reveals relevant chemical

interactions. The most relevant processes include

silicate dissolution, carbonate dissolution, and evaporite

dissolution. According to the plot, the silicate

Fig. 8. Relationship of fluoride in groundwater with field measured parameters, water level, pH, EC, DO, Eh, and water tem-

perature.
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weathering is predominant while carbonate and

evaporite dissolutions are less important (e.g., Liu et

al., 2019; Jiang et al., 2020). The plot of Ca
2+

/Na
+

versus HCO3

−

/Na
+
 implied similar processes. The

silicate dissolution was predominant while the carbonate

and evaporite weathering were limited. To summarize

the above interpretations from the ionic ratios, it can

be concluded that silicate mineral dissolution is far

more prominent than carbonate mineral and evaporite

dissolution in the Korean groundwater.

Occurrence of fluoride in groundwater

Figure 7 shows characteristics of fluoride

concentration in groundwater (only detected values) of

this country for 2008 to 2017 (total n=3,365). It

ranged from 0.014 to 12 mg/L with mean of 0.571

and median of 0.29 mg/L, which are less than the

Korean standard (1.5 mg/L) and 4.3% of total detected

is greater than the standard. The standard deviation is

0.909 and coefficient of variation is 1.59. The

distribution of the F
−

 values is not normal at p=0.05

but its logarithmic distribution is normal at p<0.05

(Fig. 7a). The median and mean values are not

showing any trends, increasing or decreasing at

p<0.05 but the positive skewness is distinctively

increasing, which indicates the long tails (Jalali, 2011)

Fig. 9. Relationship of fluoride in groundwater with major and minor ions.
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and increasing trend of highly values even though the

mean and medians are not substantially increasing.

The increasing kurtosis is indicating more clustering

around certain values (Luo, 2000; Buragohain et al.,

2010), which are mean and median.

Figure 8 shows the relationship of fluoride in

groundwater with field-measured parameters including

water level, pH, EC, DO, Eh, and water temperature.

The F
−

 shows a weak negative correlation (r= −0.31)

with the groundwater levels, which means the

shallower groundwater contains the more fluoride.

According to Hossain and Patra (2020), the hosting

aquifer lithology is more influential than the water

levels. The F
−

 concentration shows a moderate positive

correlation (r=0.43) with pH values, which is very

similar to the results of Kim and Jeong (2005),

Hossain and Patra (2020), and Wang et al. (2021).

Interestingly, F
−

 concentration shows a negative

correlation (r= −0.41) with EC, that is the higher EC,

the less F
−

. In general, the more residence time (more

circulation time) means enrichment of fluoride due to

prolonged weathering of F bearing aquifer minerals

(Kim and Jeong, 2005). However, this case is contrary

to that. Thus, it is needed to estimate other causes for

that phenomenon. Meanwhile, very high EC values

can be attributed to seawater intrusion in coastal areas,

which would be some hint to such interpretation.

The fluoride level exhibits a slight negative correlation

(r= −0.29) with dissolved oxygen content. This is

somewhat expected as deep groundwater tends to have

high fluoride values due to longer residence times and

to have less dissolved oxygen, consequently the

inverse relation is readily expected. The fluoride

concentration reveals no substantial correlations with

both Eh values and water temperatures at p=0.05.

Potential correlation of fluoride with major and

minor ions in groundwater was further examined (Fig.

9). The fluoride concentration shows a weak negative

correlations (r< −0.35) with most of ions including

Ca
2+

, Mg
2+

, Na
+
, K

+
, HCO3

−

, Cl
−

, SO4

2−
, NO3

−

, Sr
2+

,

Br
−

, and Li
+
. The negative correlations with Ca

2+
 and

Mg
2+

 are consistent with those of Hossain and Patra

(2020) and Wang et al. (2021) while the positive

correlation with Na+ is much different to those

studies. Very interestingly, only B
3+

 showed a meaningful

positive correlation (r=0.45) with fluoride concentration.

Table 1. Statistics of fluoride concentration in groundwater with different geologies (total n=7,549, Min=minimum, Max=maxi-

mum, SD=standard deviation, CV=coefficient of variation, concentration is in mg/L)

Geology Rock n Min Max Mean Median SD CV

Unconsolidated sediments 315 0.00 12.00 0.19 0.00 0.72 3.68

Sedimentary rocks

Sandstone 827 0.00 4.34 0.23 0.00 0.53 2.33

Shale 335 0.00 1.06 0.19 0.00 0.26 1.41

Mudstone 20 0.00 0.27 0.07 0.00 0.10 1.45

Limestone 114 0.00 2.28 0.15 0.00 0.37 2.40

Tuff 408 0.00 4.42 0.55 0.04 1.13 2.04

Igneous rocks

Intrusive 144 0.00 0.89 0.15 0.16 0.17 1.09

Granite 2522 0.00 6.71 0.24 0.00 0.55 2.27

Granite porphyry 45 0.00 1.08 0.51 0.46 0.28 0.55

Granodiorite 33 0.00 0.16 0.03 0.00 0.05 1.73

Andesite 202 0.00 1.24 0.07 0.00 0.17 2.40

Rhyolite 69 0.00 0.38 0.08 0.00 0.11 1.39

Metamorphic rocks

Metamorphic 198 0.00 5.53 0.49 0.19 1.08 2.17

Schist 690 0.00 3.35 0.22 0.00 0.37 1.70

Gneiss 1594 0.00 11.24 0.27 0.00 0.89 3.35

Total 7549 0.00 12.00 0.25 0.00 0.67 2.63
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Table 1 shows the statistics of fluoride concentrations

in groundwater (including not detected values that are

regarded as zero) with different local geologies. The

greatest mean values are found in tuff, granite

porphyry, and metamorphic (granite originated) rocks.

It is well known that groundwater in granitic rocks

contains high levels of fluoride in this country (Kim

and Jeong, 2005). In India, granite, gneiss and basalt

are the main source of fluoride in groundwater,

compared to unconsolidated sediment or alluvial

deposits (Hossain and Patra, 2020). So, tuff contacting

muscovite and basalt fragments can be a key source

of fluoride in groundwater (Ruggeri et al., 2010). The

student t-tests revealed that the F
−

 levels of the three

geologies are quite different from those of the other

geologies (p<0.05).

Conclusions

In this study, the groundwater chemistry and

fluoride occurrence were examined obtained from the

groundwater quality monitoring network of the entire

Korea managed by Korean Ministry of Environment.

Some main conclusions can be drawn from these

findings, which are expected to enhance our under-

standing of the chemical state and evolution of

groundwater. First, the field parameters of groundwater

including water levels, water temperatures, EC, DO

and ORP showed some seasonal variations. Second,

from the Piper diagrams, it was observed that Ca-

HCO3 type is the most predominant, which is typical

of fresh shallow groundwater. Third, the Gibbs

diagrams and ionic ratios reveled that water-rock

interaction such as silicate and carbonate minerals

dissolution are prevailing while evaporation and

precipitation effects are little. Fourth, only small

proportion (4.3%) of total groundwater exceeded the

Korean drinking water standard of 1.5 mg/L of

fluoride but we found that geologies such as tuff,

granite porphyry, and metamorphic rocks affect high

levels of fluoride contents in groundwater.

Even though there have been the continued

governmental efforts to improve the present groundwater

management, there are still many aspects to be paid

attention to. For example, general officials are handing

the groundwater data from the local governments,

consequently inaccurate and inappropriate groundwater

data of low reliability are produced. As the accurate

data are the key to establishing the effective and

efficient management strategies of groundwater resources,

specialized officials are essentially required for the

task.
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